INTRODUCTION
kinds of definitions have been suggested since the World Health Organization (WHO) defined MetS in 1999. 3 In 2009, a joint statement of the International Diabetes Federation (IDF), the National Heart, Lung, and Blood Institute (NHLBI), the American Heart Association (AHA), the World Heart Federation, the International Atherosclerosis Society, and the International Association for the Study of Obesity proposed a harmonized definition of MetS in which the presence of any three of five risk factors comprises a diagnosis of MetS. 4 This new definition of MetS recommends that cutoff points of waist circumference (WC) representing abdominal obesity be advocated for different countries and ethnic groups, and that the IDF cutoff points be used for non-Europeans until more data are available. 4 Based on the IDF recommendation, the WC cutoff for Asians including Chinese and Japanese was suggested as 90 cm for men and 80 cm for women, respectively, which was different from that of other ethnic groups such as Europeans. 5 However, the WC cutoff point for Koreans has not been specified yet. Although a few studies in the Korean population propose the cutoff values of WC related to the diagnosis of metabolic syndrome, the optimal cutoffs of WC are different from those of the IDF. [6] [7] [8] Insulin resistance is an important risk factor for type 2 diabetes and CVD. 9, 10 In addition, insulin resistance is known to play a major role in the pathophysiology of MetS, 11, 12 although it is not a component of diagnosing MetS. Much evidence suggests that there is a positive association between abdominal obesity and insulin resistance. [13] [14] [15] [16] In the subjects with visceral obesity, it has been suggested that a defective free-fatty acid (FFA) metabolism 17 or an altered profile of proinflammatory markers 18 could contribute to insulin resistance. Therefore, the WC cutoff value reflecting insulin resistance as an intermediate outcome of type 2 diabetes or CVD may be quite clinically relevant and will be useful to identify the population at high risk for MetS. The purpose of this study was to determine the optimal WC cutoff value to reflect insulin resistance as a criterion of MetS in a Korean population aged 40 years and over.
The Chungju Metabolic Disease Cohort (CMC) study is an ongoing community-based cohort study of metabolic disease including type 2 diabetes and metabolic syndrome in a population aged 40 years and over. 19, 20 We conducted a baseline study using stratified random cluster sampling between 2003 and 2006 on the rural area of Chungju City in the middle of South Korea. Subjects were selected and investigated using random cluster sampling each year after being stratified by the residential areas of 13 health subcenters and 16 community health clinics, thus examining the whole population aged 40 years and over.
A total of 11,718 subjects (4,802 men and 6,916 women) participated in the study and gave written informed consent. This study was approved by the Institutional Review Board of the Catholic University of Korea. The following exclusion criteria were applied in the data analysis. Individuals with type 2 diabetes (n = 1,469) were excluded because the homeostatic model assessment of insulin resistance (HOMA-IR) correlates well with insulin resistance in a nondiabetic population. 21, 22 In addition, individuals who already had cardiovascular outcomes such as ischemic heart disease and CVD (n = 349) were excluded. Lastly, individuals with a missing value of waist circumference, insulin, or glucose (n = 1,083) were excluded from the analysis. When all the exclusions were considered, 8,817 subjects (3,574 men and 5,243 women) were available for final analyses.
All the measurements were performed by trained investigators between 8 am and 10 am. General characteristics assessed by a questionnaire included life style factors such as smoking, drinking alcohol, exercise, and dietary habits. Non-smokers were defined as individuals who had not smoked over 100 cigarettes, and ex-smokers were defined as individuals who had not smoked for at least 6 months. Non-drinkers were defined as individuals who answered that they had never drunk. Regular exercisers were defined as individuals who had engaged in exercise three or more times a week for at least 30 minutes per session. High fat diet eaters were defined as individuals who regularly consumed animal products such as meat and dairy products every day.
WC was measured to the nearest 0.1 cm midway between the upper margin of the iliac crest and the lower margin of the last rib in the late exhalation phase while subjects were standing and wearing no clothes. Other anthropometric parameters including height, weight, and hip circumference were measured using standard protocols. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. We measured blood pressure twice on the right upper arm with a mercury manometer while the subject was sitting in the upright position after 5 minutes of rest, thus using the average of two measurements. Since the examination was performed in various health sub-centers, we tried to reduce the inter-and intra-observer variability in measuring anthropometic parameters. This reduction was accomplished by standardizing all the processes of measurements by training investigators before the survey. For instance, inter-and intra-observer variability of measuring WC in a sampled population was less than 1% altogether, respectively. After an overnight
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12-hour fast, the subjects' fasting plasma glucose (FPG), insulin, and lipids were consistently measured in a central laboratory. Total serum cholesterol and triglycerides were measured by an enzymatic calorimetric test, high-density lipoprotein (HDL) cholesterol was measured with a selective inhibition method, and low-density lipoprotein (LDL) cholesterol was calculated with the Friedewald formula. FPG was measured with the hexokinase method using sodium fluoride tubes. Serum insulin was measured with the RIA kit (Dainabot, Tokyo, Japan).
Type 2 diabetes was defined according to the American Diabetes Association criteria 23 of FPG ≥ 126 mg/dL, or if the subjects had a diabetes history or had been using antidiabetic medication. Insulin resistance was measured using the HOMA index (HOMA-IR = fasting insulin (µU/mL) ×FPG (mmol/L)/22.5). 24 Insulin resistant individuals were defined as those who had the highest quartile value of the HOMA-IR in a non-diabetic population. 21 The prevalence of metabolic syndrome in several cutoffs of WC was estimated according to the joint criterion of AHA/NHLBI and IDF, 4 and the IDF criterion, 25 respectively. Data are presented as a mean ± standard deviation (SD) or a median (5th and 95th percentile) or in percentages. Skewed data such as HOMA-IR, insulin, and triglycerides were analyzed after logarithmic transformation. Receiver operating characteristic (ROC) curve analysis was applied to determine the optimal cutoff value of WC in subjects with insulin resistance. Sensitivity and specificity for predicting insulin resistance were the values producing maxima in men and women separately. Associations of WC BMI, body mass index; HOMA-IR, homeostatic model assessment of insulin resistance; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure. Data are summarized as a mean ± SD, a median (5 -95%) or n (%). *t-test was performed between men and women after logarithmic transformation. � SBP ≥ 140 or DBP ≥ 90 or previously diagnosed hypertension. � Total cholesterol ≥ 240 or LDL-C ≥ 160 or HDL-C < 40 or specific treatment for lipid abnormality.
measures (in 5 cm increments using < 70 cm as a WC reference) with insulin resistance were analyzed using multiple logistic regression analysis after adjusting for age, BMI, and lifestyle related factors. Data were analyzed using SAS v. 9.01 (SAS, Inc., Cary, NC, USA).
The mean age (± SD) of the study subjects was 62.3 ± 10.5 in men and 62.3 ± 10.6 in women, and the mean WC was 84.0 ± 8.4 cm in men and 81.3 ± 8.9 cm in women. When other clinical and lifestyle characteristics were compared between men and women, FPG, triglycerides, smoking, drinking alcohol, and high fat diet were statistically significantly higher for men, whereas BMI, insulin, HOMA-IR, HDL cholesterol, total cholesterol, LDL cholesterol, hypertension, and dyslipidemia were higher for women ( Table 1) .
The relationship between HOMA-IR and WC was clearly found as depicted in Fig. 1 . The degree of correlation was slightly higher in men than women (p = 0.004), and it was also significant when the correlation was additionally adjusted by BMI, smoking, drinking alcohol, and dietary habit (p = 0.002).
The highest quartile value of the HOMA-IR representing insulin resistance was 1.38 for men and 1.89 for women. A B When we compared the metabolic risk factors between insulin resistant subjects and others by gender, we found that all of the metabolic risk factors including waist circumference, BMI, high FPG, high triglycerides, low HDL cholesterol, and high blood pressure were significantly higher in insulin resistant subjects of both sexes ( Table 2) . The optimal cutoff value of WC producing maximum sensitivity plus specificity for reflecting the presence of insulin resistance from the ROC analysis was 84.4 cm for men and 80.6 cm for women. Sensitivity and specificity were 70.0% and 54.2% in men and 71.1% and 59.3% in women, respectively (Fig. 2) .
RESULTS
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As the WC increased, the odds ratio (OR) for the association between the highest quartile of the HOMA-IR and categories of WC (in 5 cm units) increased in men and women, as shown in Table 3 . After being controlled for age, BMI, smoking, drinking alcohol, exercise, and dietary habits, the association was statistically significant in the category of 85-89.9 cm for men and 80-84.9 cm for women using < 70 cm of WC as a reference. Statistically significant associations were also consistently observed over the category of 85-89.9 cm for men and 80-84.9 cm for women.
When we compared the prevalence of metabolic syndrome based on several cutoffs of waist circumference, the prevalence of our proposed cutoff was 32.5% and 37.2% in men and women according to the joint criterion of AHA/ NHLBI and IDF, and 28.6% and 32.5% in men and women according to the IDF criterion, respectively ( Table 4 ).
The aim of this study was to establish the optimal cutoff value of WC to reflect insulin resistance in a communitybased Korean population aged 40 years and over, allowing identification of high risk subjects for MetS. We found that the optimal cutoff value for WC predicting insulin resistance was 84.4 cm for men and 80.6 cm for women based Receiver operating characteristic (ROC) curves for waist circumference (WC) for reflecting insulin resistance in men (A) and women (B). The cutoff value of WC producing maximum sensitivity plus specificity was 84.4 cm for men and 80.8 cm for women. Sensitivity and specificity were 70.0% and 54.2% in men and 71.1% and 59.3% in women.
A B on the cutoff value producing the maximal sensitivity and specificity of ROC analysis. The value produced by multiple logistic regression analysis was consistent with that of ROC analysis, based on the fact that the OR for the risk of insulin resistance increased significantly in the category of 85-89.9 cm of WC for men and 80-84.9 cm of WC for women. Our results demonstrated a lower WC cutoff value in men compared with that of other Asians proposed by the IDF (men ≥ 90 cm and women ≥ 80 cm). 25 Even at a lower level of WC, Asians tend to have more obesity-related metabolic risks than Caucasians. 26 Many studies on other Asian people have consistently shown that WC cutoffs predicting obesity-related co-morbidities are lower than those of Caucasians. For a Chinese population comprising 111,411 subjects aged 20-70 years, the cutoff values of WC in regard to the risk of diabetes mellitus and lipoprotein disorders are 85 cm in men and 80 cm in women, which are similar to those in our results. 27 In a group of 5,305 Thai subjects aged ≥ 35 years, the cutoff values of WC predicting two or more cardiovascular risk factors are 84 cm for both men and women. 28 In a Japanese study on 329 subjects aged ≥ 35 years where insulin resistance is used as an outcome for ROC analysis for WC like in our study, the cutoff values of WC are 83 cm in men and 75 cm in women. 29 There have been several studies estimating WC cutoff values for diagnosing MetS in Korea. A study of 6,561 adults, nationally representative samples of Koreans, demonstrates that the appropriate WC cutoff value is ≥ 90 cm for men and ≥ 85 cm for women. 8 However, this study differs from the present study in that they estimate the WC cutoff value for predicting two or more risk factors of MetS that the subjects have at the same time. Other hospitalbased cross-sectional studies using CT scan for measuring the visceral fat area or visceral adipose tissue have determined the WC cutoff values: ≥ 89.8 cm for men and ≥ 86.1 cm for women for 413 subjects; 7 ≥ 88.1 cm for men and ≥ 84.0 cm for women for 816 subjects, 6 although these studies have a limitation of small samples recruited for hospitals where a selection bias may exist. 30 All these studies in Korea show that the WC cutoff for men is around 5 cm higher than that for women, and our results are consistent with them. However, we found that our WC cutoff value is lower than those of other studies for both sexes. This phenomenon may be explained by the fact that the study population in this study is older than those in other studies in which the mean ages of the subjects were distributed in early to mid-forties for both sexes. Aging is generally associated with decreases in lean body mass and increases in body fat, and these age-related alterations contribute to insulin resistance. 31, 32 Considering the importance of abdominal obesity as a risk factor for insulin resistance in the elderly, 33 the WC cutoff value for diagnosing MetS might need to be lowered in middle-aged to older individuals in Korea.
In order to investigate the impact of changing the WC cutoff value, MetS prevalence was calculated according to the joint criterion of AHA/NHLBI and IDF, 4 and the IDF criterion. 25 The difference of MetS prevalence between the two diagnostic criteria was minimized when our WC cutoff was applied. Higher MetS prevalence in women was also observed in the same age group in the 3rd Korea National Health and Nutrition Examination Survey (KNHANES III). 34 In the present study, HOMA-IR was correlated more with WC in men than in women, which is consistent with the results of other studies. 35, 36 However, the degree of association was found to be similar when we observed the association between the highest quartile of the HOMA-IR representing insulin resistance and categories of WC (in 5 cm units). In addition, we confirmed that the risk of insulin resistance is positively associated with increasing WC for 38 This finding suggests that more vigorous efforts to reduce WC might be needed for men with higher WC over 95 cm than for women to help prevent CVD.
In addition to the association of WC with insulin resistance, other metabolic risk factors including BMI, high FPG, high triglycerides, low HDL cholesterol, and high blood pressure were higher in insulin resistant subjects for both sexes in this study. These findings were consistent with those of other studies, 15, 36 which suggest that insulin resistance is closely related to all of the metabolic syndrome components.
The present study does have limitations that should be considered. We have used the highest quartile of HOMA-IR to estimate the insulin resistance instead of using the hyperinsulinaemic clamp method, which could result in lowering validity. However, much consensus suggests that HOMA-IR is applicable to the large epidemiologic study especially in the nondiabetic population 21, 22 and can predict CVD. 39, 40 The cutoff of HOMA-IR to define insulin resistance might be controversial. When we analyzed these data again using the definition of insulin resistance as the highest quintile and tertile values of the HOMA-IR, however, the optimal cutoff values for WC were quite similar to those of the present study. When insulin resistant individuals were defined as those who had the highest quintile value of the HOMA-IR, the optimal cutoff value of WC from the ROC analysis was 85.5 cm for men and 81.0 cm for women. Sensitivity and specificity were 67.2% and 62.9% in men and 68.9% and 56.7% in women, respectively. In addition, when insulin resistant individuals were defined as those who had the highest tertile value of the HOMA-IR, the optimal cutoff value of WC from the ROC analysis was 83.5 cm for men and 79.8 cm for women. Sensitivity and specificity were 71.9% and 57.9% in men and 73.1% and 51.8% in women, respectively.
In addition, the results in this study may not be representative of all of the Korean population, and the crosssectional study design limits the ability to make broad inferences from the results of this study. However, to the best of our knowledge, this is the first report proposing cutoff values of WC predicting insulin resistance as a diagnostic criterion of MetS in Korea based on a largescale, community-based population.
In conclusion, the results of the present study show that the optimal cutoff value for WC reflecting insulin resistance is considered to be 85 cm for men and 80 cm for women, suggesting that the Asian criterion of abdominal obesity (90 cm for men and 80 cm for women) might not be applicable for middle-aged to older men in Korea. Determining the cutoff value of WC as a diagnostic criterion of metabolic syndrome in well-designed prospective cohort studies is important in identifying high-risk individuals who might develop CVD, and will help Korean health professionals to instigate intervention strategies. 
